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Abstract 
Previous research has suggested that neurofeedback training targeting theta/beta ratio 
(TBR) can improve attentional control (AC). Neurofeedback training could therefore 
serve as an alternative treatment for attention mediated disorders, like cognitive 
performance anxiety (CPA). This study is a preliminary study before the effectivity of 
neurofeedback training for CPA is studied. The purpose of the present study is to 
replicate a previously reported finding that frontal TBR is associated with AC. 
Furthermore, its aim is to explore the distribution of theta and beta band power. It is 
hypothesized that beta band activity reflects a dorsolateral prefrontal cortical 
inhibition of the limbic system, which leads to increased top-down AC. Highest beta 
band power is thus expected near these structures. Theta activity possibly reflects 
activity of the anterior cingulate cortex (ACC), a brain structure also involved in AC 
processes. It is hypothesized that theta band power is therefore higher near the ACC, 
or frontal midline. Analyses were also performed for the conditions wherein 
participants had their eyes open or closed and the high and low beta band power 
conditions. EEG baseline data of 42 participants was used. The relation between 
frontal TBR and AC was indeed confirmed. Theta activity turned out to be mainly 
located around the frontal midline, thereby providing evidence for the reflection of 
ACC activity. The hypothesized distribution of beta did provide new research 
directions, but did not lead to consistent confirmatory evidence for the hypothesis.  
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1. Introduction 
 
 Your heart rate increases and you start to sweat lightly. Worrisome thoughts emerge 
and you start to doubt if your performance will be satisfactory. Feels familiar? No 
surprise, because most people have experienced test anxiety at least once. Test anxiety 
is one of the most commonly reported fears by young adults and could be defined as 
‘a strong but delimited fear that severely compromises an individual’s capacity to 
execute a task at a level that could be reasonably expected’ (Powel, 2004). A recent 
epidemiological survey in young adults showed that ‘fear of test taking’ is the most 
frequently reported social fear in both non-clinical (28%) and social phobic (75%) 
individuals (Knappe et al., 2011). Test anxiety is related to trait anxiety and social 
anxiety, but is normally a fairly isolated phenomenon and decreases when pressure for 
performance is absent (Powel, 2004). This article will refer to cognitive performance 
anxiety (CPA), which is an instance of performance anxiety, addressing specifically 
cognitive performance.  
CPA can be divided in two components; an emotional and a cognitive 
component (Putwain, 2007; Putwain, Woods & Symes, 2010; Pekrun, Elliot, Maier, 
2006). Cognitive performance anxiety refers to the repetitive and intrusive thoughts 
about the individual’s (under) performance and how this is perceived by others. The 
emotional component of CPA can be described as the experience of the bodily anxiety 
response, like an elevated heart rate. Over the years, research using self-report 
measures has shown consistent evidence for a relationship between the cognitive 
components of anxiety on the individuals’ performance, whereas this relationship is 
less well established for the emotional component (Cassady & Johnson, 2002; 
Williams, 1991). A current prominent theory that describes the effect of cognitive 
anxiety of performance is the Attentional Control (AC) theory (Eysenck et al., 2007). 
According to this theory the central executive works optimally when there is balance 
between the stimulus driven bottom-up and the top-down, goal-directed attentional 
control system. The central executive acts as a supervisory system of the working 
memory and is responsible for monitoring and coordinating the flow of information to 
the slave systems (Baddeley, 2000). These slave systems are the phonogical loop, 
which stores verbal information, and the visuo-spatial sketchpad, which stores visuo-
spatial data. Later a third slave system was added, the episodic buffer, which is a 
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system that is capable of linking information from different sources into integrated 
units (Baddeley, 2000).  
Anxiety leads to an increased influence of the stimulus-driven attentional 
system and has the opposite effect on the goal-directed attentional system (Corbetta & 
Shulman, 2002). This allows for better detection and processing of threat-related 
information, be it external information or worry/inner thoughts (Eysenck, Derakshan, 
Santos & Calvo, 2007). AC has three important main functions that are part of the 
top-down attentional system, controlled by the central executive. These functions are 
respectively inhibiting dominant, automatic responses, shifting back and forth 
between multiple task demands and updating working memory (Eysenck, Derakshan, 
Santos & Calvo, 2007). Research has consistently shown that anxiety impairs two of 
these three functions: the inhibition of dominant, automatic responses and shifting 
back and forth between multiple task demands (Graydon & Eysenck, 1989). Thus, 
cognitive performance is compromised by the loss of AC because there is no working 
memory capacity left when attention is directed at distracting intrusive thoughts. 
Therefore, less attention will  be directed at the primary cognitive task, which results 
in poorer performance. 
High AC moderates the effects of anxiety on an individual’s performance. 
This notion is supported by a study of Derryberry & Reed (2002) which measured 
self-reported AC in regulating attentional biases by a spatial orienting task. An 
attentional bias is a tendency to direct one’s attention towards certain types of 
information before others (Mathews, Ridgeway, & Williamson, 1996). Such attention 
biases facilitate early processing of threat. As expected, individuals high in trait 
anxiety demonstrated biased attention for threat cues. However, individuals high in 
trait anxiety and high in AC showed less threat-biased attention than participants high 
in trait anxiety and low in AC. Performance was negatively influenced by (trait) 
anxiety, but this effect was limited by AC.                    
More evidence that supports the protective role of AC is provided by a study 
revealing that high trait anxiety and depression predicted less successful thought 
suppression (Koster, Soetens, Braet & De Raedt, 2008). Participants had to select a 
negative thought, which occurred multiple times the last fourteen days. This thought 
had to be unwanted and had to cause significant distress for the participant. When an 
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appropriate thought was selected, participants engaged in a thought suppression 
procedure, whereby they needed to count the occurrence of the unwanted thought. 
The results revealed that self-perceived suppression ability was predicted by anxiety 
and depression scores, and distraction strategies. Most important, the results showed 
that individual differences in trait attentional control can influence the amount of 
worry people experience (Koster, Soetens, Braet & De Raedt, 2008).  
The essential role of AC in anxiety-moderated attentional processes was 
further supported by a study that showed that participants low in AC experience more 
unwanted intrusions than people high in AC (Verwoerd, de Jong & Wessel, 2008). 
Participants completed measures of attentional control and neuroticism and watched a 
film fragment that had to elicit an emotional response of the participant. The next four 
days following the film fragment, participants had to register the occurrence of 
intrusive memories and thoughts. The study found that low attentional control was an 
independent predictor for the development of intrusive symptoms. These lines of 
research could indicate that high attentional control could serve as a protective factor 
against the cognitive underperformance that results from CPA. 
Several brain structures are involved in attentional processes. Exploring the 
human brain structure in more detail reveals that the underlying cortical structure 
responsible for maintaining and allocating AC is the prefrontal cortex (PFC), and 
especially the dorsolateral PFC (DLPFC) (Knight, Grabowecky & Scabini; 1995, Liu, 
Banich; Jacobson & Tanabe, 2004). The PFC is highly developed in humans and its 
distinct regions all have specialized functions. The dorsal and lateral regions of the 
PFC regulate attention and motor responses, whereas the more ventral and medial 
regions regulate emotion (Robbins, 2007). 
The DLPFC is responsible for maintenance and allocation of attentional 
resources, planning, and is also involved in the working memory (Arnsten, 2006; 
Arnsten & Rubia, 2012). Another important part of the PFC, the inferior frontal cortex 
(IFC), influences functions of cognitive control such as inhibitory control, 
interference control, and cognitive flexibility (Rubia, Smith, Brammer & Taylor, 
2003). Another member of the neural network responsible for AC is the anterior 
cingulate cortex (ACC), which is a brain area frequently interacting with the DLPFC 
in situations where top-down AC is involved (Wang et al., 2010). ACC plays an 
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indispensable role in executive functioning, which is supported by a meta-analysis of 
several fMRI studies (Bush, Luu & Posner, 2000).   
Anxiety affects attentional processes on the neuronal level too. The PFC 
consists of countless networks of neurons which exist of pyramidal cells. These 
pyramidal cells interact with other pyramidal cells through their synapses on dendritic 
spines (Goldman-Rakic, 1995). These spines contain both noradrenaline and 
dopamine receptors, which will strengthen the connection between cell bodies when 
interaction is frequent (Levitt, Rakic & Goldman-Rakic, 1984). This process is called 
long-term potentiation, or LTP. When a pathway between cell bodies is not reinforced 
enough, the connection between these neurons will weaken. This process of 
constantly reinforcing and weakening neural pathways is key to PFC function. In an 
anxious state, the glands responsible for excretion of catecholamines, like 
noradrenaline and dopamine, will rapidly increase their production. This allows for a 
bigger influx of these hormones into the PFC (Arnsten, 2007). The result of this 
increased concentration of catecholamines is an optimized performance of the 
attentional networks located in the PFC. However, when concentrations exceed a 
certain optimum, the beneficial effects of these hormones will be abolished, resulting 
in even weaker performance (Arnsten, 2007). Eventually, when a stressor is present 
for a long time, cortisol production will be increased (Radley et al., 2006). Cortisol is 
a hormone that is released in response to stress and its secretion leads to increased 
blood glucose levels and the suppression of immune system. Prolongation of the 
stressor can result in dendritic spine loss in the PFC (Radley et al., 2006). 
Poor functioning of AC, and in particular DLPFC mediated AC, is seen in 
attention deficit/hyperactivity disorder (ADHD). ADHD is a neurodevelopmental 
disorder characterized by behavioral features of inattention, impulsiveness, and 
hyperactivity (American Psychiatric Association, 2000). Meta-analyses of 
neuroimaging studies have shown that the right PFC of ADHD patients is reduced in 
size and functionality (Dickstein, Bannok, Castellanos & Milham 2006). Lesions to 
the PFC can increase distractibility, impair concentration, and weaken the ability to 
shift attention appropriately, which resembles symptoms of ADHD (Wilkins, Shallice 
& Mccarthy, 1987). 
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Not only brain functionality is disturbed in ADHD patients, electrical brain 
activity is impaired as well. ADHD patients show deviant theta and beta band activity, 
namely increased theta and decreased beta activity, which results in an elevated 
theta/beta ratio (TBR; Arnsten, 2007). This is a measure of relative power of the 
respective frequency bands. Theta and beta band frequencies are respectively set 
between 4 - 7 Hz and 13 - 30 Hz and can be calculated by dividing the power in the 
theta band by power in the beta band (Monastra et al., 1999). Beta can be divided in 
low beta (16 -20 Hz), high beta (21 – 30 Hz) and the sensorimotor rhythm (SMR; 13-
16 Hz). In this study we will focus on the whole beta band, including separate 
analyses for respectively low and high beta frequencies. 
Theta oscillations are the largest extracellular synchronous rhythm that is 
recorded in the human brain (Vertes, Hoover, Viana Di Prisco, 2004). Theta can 
roughly be divided in two subtypes: hippocampal or limbic theta and frontal midline 
theta (FM theta). The relation between these forms of theta is not yet clear and there is 
no consensus that these hippocampal and FM theta can really be distinguished, but 
there is a least some difference in origin and function. Previous research has shown 
that theta activity is broadly associated with memory function (e.g.; Hasselmo, Hay, 
Ilyn & Gorchetchnikov, 2002; Kirk & Mackay, 2003). Theta is also associated with 
(emotional) arousal; neurons in the amygdala, an important brain which is widely 
associated with arousal and emotion, produces theta rhythms in mice in aroused state 
(Pare, 2003). There is evidence that this also happens in humans (Aftanas, Varlamov, 
Pavlov, Makhnev & Reva, 2001). 
Frontal midline theta activity is found, and possibly generated by areas near 
the ACC, in particular the midcingulate cortex (MCC), and appears to play an 
important role in top-down attentional control (Wang, Ulbert, Schomer, Marinkovic & 
Halgren, 2005; Phillips, Vinck, Everling & Womelsdorf, 2014). The MCC projects to 
the limbic system and the PFC, especially the medial prefrontal cortex (mPFC), a 
brain region that is especially responsive to circumstances of varying needs for 
attentional or cognitive control (Price & Drevets, 2012; Cavanagh & Frank, 2014).  
FM theta appears to be associated with a more distinguished set of activities 
than hippocampal theta. It is hypothesized that FM theta is present when task 
demands are changing, like: new information, conflicting information, error and 
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negative feedback. (Cavanagh & Frank, 2014). These situations also share the same 
theta band EEG patterns (Cavanagh, Zambrano-Vazquez & Allen, 2012). Changes in 
task demands require extra cognitive control and consume a great part of working 
memory capacity. FM theta activity influences working memory, which is supported 
by research showing FM theta oscillations when participants are updating their 
working memory (Itthipuripat, Wessel & Aron, 2013). More research needs to be 
conducted about the role of FM theta; it is not yet clear if FM theta just works as an 
alarm signal when more cognitive control is needed or that its activity provides the 
PFC also with more specific information about the actions required (for a detailed 
review: see Cavanagh & Frank, 2014). Thus, FM theta activity can be viewed as a 
mechanism that regulates attentional control in situations that are characterized by 
uncertainty about their possible outcomes and also in which way these situations need 
to be processed. 
Hippocampal theta activity can be found in the hippocampus and the 
surrounding limbic system. Theta activity stimulates the strengthening of synapses, or 
long-term potentiation (LTP) in the hippocampus and connected areas (Vertes, 2005). 
The hippocampus is an essential brain structure responsible for the formation and 
retrieval of memories (Squire & Zola-Morgan, 1991). The continuously reinforced 
synaptic activity produces a long-lasting increase in signal transmission between two 
neurons, following high frequency stimulation of hippocampal neurons (Bliss & 
Lomo, 1973). Synapses that have undergone LTP tend to have stronger electrical 
responses to stimuli than other synapses, resulting in increased activity of memory 
processes (Bliss & Lomo, 1973).  
The relationship between (hippocampal) theta and memory function is further 
supported by a study about word recognition in humans. Participants demonstrated 
increased theta activity during the encoding phase, but activity only increased when 
the word was recognized correctly (Klimesch, Doppelmayr, Schimke & Ripper, 
1997). During the recognition phase, which follows the encoding phase, increased 
theta activity was found for correctly recognized words. However, distractors did not 
lead to greater theta band activity (for more evidence, see: Summerfield & Mangels, 
2005; Xiao, Ding & Guo, 2011).  
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A critical note seems in place here; theta band power around the ACC may 
possibly be a mixture of both hippocampal and FM theta power. Because of the 
anatomical organization of the brain, volume conduction of hippocampal theta activity 
may permit these signals to be conducted to medial structures like the ACC. The 
implication for this study is that it is yet impossible to distinguish between 
hippocampal and FM theta. 
The functional significance of beta oscillations is less understood than that of 
theta. The beta band can be divided in low beta, high beta and the sensorimotor 
rhythm (SMR). Beta band activity is associated with a broad range of processes, 
ranging from memory to movement. A study in monkeys showed that beta band 
activity could be found in the PFC when the working memory is active (Siegel, 
Warden & Miller, 2009).  Recent studies have observed a relationship between beta 
activity with top-down processing (Engel & Fries, 2010). A study confirming this 
hypothesis showed that monkeys show increased beta band activity when they had to 
identify a target between distractors that were all different (top-down processing) as 
opposed to when all distractors had the same color and shape (Buschamn & Miller, 
2007). Engel and Fries (2010) furthermore hypothesized that beta band activity should 
be increased when cognitive balance is maintained and that this increase is absent 
when new stimuli are prioritized. However, more evidence is required before 
justifying this hypothesis.  
Beta activity also appears to be associated with alertness and attention. 
Evidence for this assumption is mostly originating from animal studies which state 
that increased beta activity in different stages of visual processing, including visual 
attention (Wrobel, Ghazaryan, Bekisz, Bogdan & Kaminski, 2007). In humans, 
studies demonstrate that beta band power changes before a stimulus is consciously 
noticed, reflecting that beta activity coincides with anticipatory attention processes 
(Kaminski, Brzezicka, Gola & Wróbel, 2012). This notion is further supported by a 
study that showed that adults over 60 years old had a lower level of beta band activity 
compared to younger adults (18-30 years) which resulted in decreased performance 
during an attentional task (Gola, Magnuski, Szumska & Wróbel, 2013). 
Electroencephalogram beta rhythms have also been measured in several brain 
parts associated with movement, like the premotor, supplementary motor and 
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somatosensory cortex, as well as in parts of the parietal cortex (Wheaton, Shibaski & 
Hallet, 2005). Beta oscillations appear when muscles responsible for the maintaining 
of posture, contract (Zhang, Chen, Bressler & Ding, 2008). However, these 
oscillations seem to rapidly decrease just before the exact moment of the contraction. 
Beta oscillations are absent when planning and executing of voluntary movements. 
While the role of beta activity is not yet fully understood, there is (correlative) 
evidence that beta activity plays an important role in contractions concerning 
maintaining posture, but on the other hand impairs motor processes concerning new 
and voluntary movements (Gilbertson et al., 2005).  At last, beta activity is also 
increased when movement has to be suppressed of resisted, even voluntarily (Zhang, 
Chen, Bressler & Ding, 2008). 
 Especially important for this study is the hypothesis that beta band activity is a 
reflection of dorsolateral prefrontal cortical inhibition of limbic activity (Schutter & 
van Honk, 2005). The DLPFC is especially important for exerting AC, thus if beta 
activity is associated with the DLPFC, beta band activity could be linked to AC as 
well.   
The literature on theta and beta band power above is a description of normal 
theta and beta activity in healthy individuals. As mentioned before, ADHD patients 
show deviant EEG patterns, which in turn lead to an increased TBR. However, these 
elevated ratios are not limited to ADHD patients; healthy students scoring lower on 
the attentional control scale (ACS) also demonstrate these distortions in theta and beta 
activity (Putman, van Peer, Maimari & van der Werff, 2010). These results were later 
replicated by a study that also showed that the negative effects of acute CPA on 
attentional control are predicted by theta/beta ratio and that theta/beta ratio even had 
independent additive predictive value over self-reported AC (Putman, Verkuil, Arias-
Garcia, Pantazi & van Schie, 2014). This study concludes that differences in trait AC 
are caused by differences in theta/beta ratios between participants. 
Neurofeedbacktraining (NFT) has shown promising results as a treatment for 
attention deficits disorders. Its positive effects can be attributed to the normalization 
of theta and beta activity, which in turn will lead to a decrease in ADHD symptoms. 
The efficacy of NFT for ADHD has been extensively studied and shows 
predominantly positive results (for a review, see Arns, de Ridder, Strehl, Breteler & 
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Coenen, 2009; Arns, Heinrich & Strehl, 2014). A recent meta-analysis found that 
neurofeedback resulted in large and clinically relevant effect sizes for inattention and 
impulsivity and in a medium effect size for hyperactivity (Arns, de Ridder, Strehl, 
Breteler & Coenen, 2009). Furthermore, this meta-analysis demonstrated that all of 
the randomized control trials (RCTs) that performed a follow-up study (between 6 
months and 2 years), showed that the positive effects of NFT did not disappear nor 
decrease over time. Surprisingly, the data even showed a tendency for further 
improvement across time for hyperactivity and impulsivity. 
 NFT programs aimed at enhancing AC stimulate the occurrence of EEG 
patterns associated with a focused and alert state. Its theoretical framework is based 
on the principle of operant conditioning; rewarding participants when they generate 
EEG patterns that need to be reinforced in order to strengthen AC (Teplan, 2002). A 
rewarding experience could be, for example, an on-screen car that starts driving when 
correct EEG patterns are generated. During NFT, the electrical potentials generated by 
brain activity are collected by the EEG electrodes placed on the scalp and provide 
real-time information about electrical brain activity. NFT usually consists of 30 till 40 
sessions, in order to provide enough time for participants to learn to recognize, and 
later also to consciously influence, the desired EEG pattern. When the right mental 
state is reinforced often enough, the majority of the participants is able to consciously 
generate the EEG pattern associated with the desired outcome in daily life. 
The literature stated above leads to the hypothesis that empowering AC might 
be helpful for persons suffering from CPA and other disorders characterised by 
disrupted attentional processing. Stronger AC might enable patients to exert more 
(cognitive) control over their attentional resources and thereby direct attention to 
cognitive tasks instead of to distracting intrusions. Given that theta/beta ratio is related 
to AC, it might be feasible to upregulate AC by downregulating theta/beta ratio. 
However, before NFT could possibly become an established treatment for CPA, 
sufficient research about its efficiency and possible side effects must be conducted. 
While the temporal resolution of EEG data is excellent, the spatial resolution falls far 
behind. Therefore, it is yet unknown which brain regions are essential for the EEG 
data that lead to the best prediction of AC. Studying electrode positions associated 
with AC will possibly lead to recommendations about optimal electrode placement for 
both NFT and further attention related research in the near future. However, it is 
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questionable if this relatively simple approach will be able to distinguish the origin of 
electrical brain activity. Cortical EEG data are densely correlated, because of the 
transmission of electrical potential to the cortex surface. This negatively affects the 
spatial resolution of EEG, a phenomenon called spatial smearing.  
Taken together, these lines of research will potentially lead to guidelines for 
EEG research in the future, resulting in more standardized protocols. This study’s 
primary aim is to demonstrate the effects of varying electrode positions and their 
individual predictive values for AC. The literature shows evidence that AC is linked 
to the (DL)PFC, which leads to the primary hypothesis that there is a relation between 
frontal TBR and AC (Arnsten, 2006; Arnsten & Rubia, 2012). Thus, it is expected 
that frontal TBR (TBR in the PFC) is related to the questionnaire that measures AC, 
the attentional control scale (ACS). To determine the optimal predictors for ACS, 
theta and beta activity will be obtained from various brain positions and their 
individual predictive value for ACS will be explored. It is hypothesized as well that 
TBR has the best predictive value when measured in the frontal and central regions of 
the brain, especially around the DLPFC and medial structures, because these regions 
are argued to be the origin of beta and (FM) theta oscillations. 
 Furthermore, this study will explore how respectively beta and theta band 
power are distributed around the brain. It is hypothesized that beta band activity is a 
reflection of dorsolateral prefrontal cortical inhibition of limbic activity (Schutter & 
van Honk, 2005). If beta waves are indeed a reflection of dorsolateral prefrontal 
cortical inhibition of limbic activity, it is expected that the EEG signal of beta band 
power has to be higher near the dorsolateral PFC than above the medial PFC or more 
posterior areas. Theta, on the other hand, is mainly localized in medial parts of the 
cortex, frontal-midline theta, including the anterior cingulate cortex (Wang, Ulbert, 
Schomer, Marinkovic & Halgren, 2005; Phillips, Vinck, Everling & Womelsdorf, 
2014). Because of the projections between ACC and the limbic system, it is expected 
that theta band power is higher near on the frontal midline and near medial structures 
like the ACC (Price & Drevets, 2012). We expect that the posterior electrodes will not 
predict ACS. By exploring theta and beta band power distributions individually, the 
electrode positions giving the best results could be used for future TBR calculations 
based on various positions (e.g. EEG electrodes to obtain DLPFC beta and ACC 
theta). 
14 
 
This study will also exploratory compare TBR’s predictive value for ACS 
when distinguishing between low beta and high beta power. There is a satisfactory 
amount of studies that have proven the efficacy of NFT studies in ADHD participants 
that target low beta, and that these studies show overall good results improving AC 
(e.g; Egner & Gruzelier, 2004; Holtmann & Stadler, 2006). However, there is a lack 
of studies that examine the efficacy of NFT protocols with high beta, so it’s yet 
unclear if there is a relation between high beta and ACS. All in all, the hypothesis for 
this study is that low beta will turn out to be the better predictor for ACS. 
The last goal is to compare TBR’s predictive value for AC when during EEG 
recording eyes were open (EO), closed (EC) or the average of both open and closed 
(EOC). Although there are some studies addressing this topic, suggesting that keeping 
your eyes closed as opposed to keeping your eyes open during EEG measurements 
will lead to higher spectral theta and beta power, this evidence is limited and did not 
address theta and beta power. This question will be approached exploratory and no 
specific hypothesis is applicable for this research question. 
In summary, the following hypotheses are tested in this study: 
 Frontal TBR is negatively related to the ACS. 
 Beta band power is highest near frontolateral positions, reflecting activity of 
the dorsolateral PFC. 
 Theta band power is highest near the frontal midline, reflecting activity of the 
ACC. 
 Low beta band TBR will be more predictive of ACS than high beta band TBR.  
Hypothesis 2 and 3 will also distinguish between high beta and low beta band power, 
and between the eyes open and closed condition. All analyses will thus also be 
performed for these variables. 
Furthermore, the predictive value for TBR on ACS with eyes open, closed and both 
open and closed will be explored. Because the current literature doesn’t provide any 
direction yet, no specific hypothesis is formulated.                                                 
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2. Method 
 
2.1 Participants 
 
This study will use the already existing EEG data of 42 female students, between 18 
and 30 years old. Participants were recruited at the faculty of Social Sciences, Leiden 
University. Exclusion criteria consisted of use of psychoactive medication, a history 
of neurological illnesses and presence of psychiatric disorders. Participant scores were 
considered as univariate outlier when z-score > 2.50 or z-score < -2.50. All scores of 
these participants were explored individually and none of them was excluded from 
analysis. No participants’ scores could be considered as bivariate outliers.  
2.2 Instruments 
 
Questionnaires 
Participants completed the Attentional Control Scale (ACS; Derryberry & Reed, 
2002), a self-report questionnaire which assesses the capacity to voluntary inhibit and 
control attentional processes.  The ACS is a 20-item self-report measure that 
combines a 9-item measure of attentional focusing (‘when concentrating, I can focus 
my attention so that I become unaware of what's going on in the room around me’) 
and an 11-item measure of attentional shifting (‘I can quickly switch from one task to 
another’). Items are scored on a 4-point scale (1 = almost never; 2 = sometimes; 3 = 
often; 4 = always). Cronbach’s alpha for this questionnaire is usually good and was    
α= .80 in the present study.           
Besides the ACS, participants also completed the VAS (visual analogue scale). 
The VAS contains items that measure both state anxiety and state attentional control. 
This questionnaire consists of 22 items that measure emotional anxiety (‘I feel a sense 
of panic’), cognitive anxiety (‘I am worried about how I am performing’) and 
attentional control (‘I have difficulty concentrating’). The VAS also includes some 
filler questions (‘I feel thirsty’). Participants had to indicate their agreement to the 
items by marking 100 mm lines, between “1” and “100” from left to right. Cronbach’s 
alpha for this questionnaire as a whole was α = .78. Subscales showed respectively     
16 
 
α = .88 for emotional anxiety, α = .92 for emotional anxiety and also α = .88 for 
attentional control.  
Third, the trait version of the State–Trait Anxiety Inventory (STAI-t; 
Spielberger, 1983) was completed. This self-report measure contains 20 items 
assessing trait anxiety (‘I worry too much over something that really doesn’t matter’). 
Items are scored on a 4-point scale (1 = almost never; 2 = sometimes; 3 = often; 4 = 
almost always). Cronbach’s alpha for this questionnaire in this study was α= .88. 
EEG 
“EEG recordings were acquired through the ActiveTwo BioSemi system (BioSemi, 
The Netherlands). Electrodes placed at the left and right mastoids were used for 
offline re-referencing of the scalp signals to the average of the mastoid signals. 
Offline data processing was done in Brain Vision Analyzer V2.02 (Brain Products 
GmbH, Germany). A 0.1-Hz high-pass filter, 100- Hz low-pass filter, and 50-Hz 
notch filter were applied. Data were analysed in four-second segments. The data were 
automatically corrected for ocular artifacts (Gratton, Coles, & Donchin, 1983) and 
segments containing remaining artifacts were removed. A fast Fourier transformation 
(with a resolution of 0.25 Hz, using a hamming window of 10%) was applied to 
calculate area power density for the beta (13– 30 Hz), and theta (4–7 Hz) frequency 
bands’’ (cited from Putman et al., 2014, p. 785). 
 
2.3 Procedure 
 
 
Both the STAI-t and the ACS are completed before the study sessions. The NFT 
protocol (here described preliminary – the exact protocol parameters are currently 
decided on) comprises three training sessions in one week time. Before the first 
training begins, a resting state EEG of 8 minutes is conducted. Before and after every 
other training session, there is a 60 second assessment of theta/beta ratio without 
feedback. Participants then receive a 30 minutes training and they are given a break 
for 2 hours before completing another 30 minute training. Participants receive 
feedback on the basis of their ratio in the last 30 seconds. Positive feedback is 
provided when the ratio is 80% of the baseline (100%) assessment at the beginning of 
the session (for the first session) or at the end of the session before (every session but 
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the first). So, 60 seconds ratio at the end of the training serves as the new baseline for 
the next training. Participants complete the VAS after every training session.  
2.4 Analyses 
 
 
The aim of this study is to explore which positions are the best predictor for the ACS, 
as well as replicating the finding that baseline EEG theta/beta ratio correlates with the 
ACS. EEG baseline data of 42 participants was used for this study. This baseline data 
is collected as described above (see paragraph procedure). Because all EEG data 
lacked a normal distribution, the data was log-normalized before performing statistical 
tests.  
The statistical part of this study will mainly consist of correlations and 
multiple repeated measures analysis of variance (rmANOVA) with post-hoc mean 
comparisons (paired t-tests). Statistical analyses were carried out using the IBM 
Statistical Package for the Social Sciences (SPSS), version 23.0 for Windows. For all 
described tests a significance level of α = 0.05 was used. 
Nine electrode positions are used for statistical analysis in this study, namely: F3, Fz, 
F4, C3, Cz, C4, P3, Pz and P4 (figure 1 shows the approximate locations of these 
electrodes on the skull). 
Figure 1 Electrode positions on the skull, including the mastoids (A1 and A2). 
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3. Results 
 
N.B. When no remark about respectively high/low beta and eyes open/closed is made, it always 
refers to the complete beta band in the full EOC condition. 
Table 1 Means and standard deviations of participant variables (n = 42).  
 
 
 
 
To test whether STAI-t and ACS were related, a Pearson correlation was performed. 
STAI-t and ACS were negatively correlated (r = –.57, p< .005), as is commonly 
reported. Frontal TBR was not significantly correlated to STAI-t (r = .00, p = .998). 
No correlations between ACS and age and between age and frontal TBR were found.  
Table 2 Means and standard deviations of beta (13-30 Hz), theta (4-7 Hz), high beta (21-30 Hz) and 
low beta (13-20Hz) in the EOC condition (n = 42). 
 
 
 
 
 
 
 
 
 
 
 
 
 M SD 
Age 21.10 2.88 
ACS  55.24 8.30 
VAS 37.74 7.89 
STAI-t 37.12 7.09 
 Beta   Theta   High   Low  
 M SD  M SD  M SD  M SD 
F3 2.42 .42  2.30 .44  1.34 .49  1.86 .43 
Fz 2.44 .39  2.58 .45  1.31 .41  1.93 .44 
F4 2.42 .41  2.30 .44  1.37 .49  1.86 .43 
C3 2.36 .42  2.21 .41  1.24 .48  1.84 .44 
Cz 2.51 .40  2.61 .46  1.36 .40  2.01 .45 
C4 2.37 .42  2.21 .46  1.22 .48  1.87 .44 
P3 2.44 .43  2.14 .47  1.17 .46  2.00 .46 
Pz 2.57 .44  2.40 .51  1.25 .45  2.16 .48 
P4 2.49 .43  2.18 .52  1.18 .45  2.07 .47 
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3.1 Relations to frontal, central, and parietal theta/beta ratios 
 
To test if there is a relationship between TBR and ACS, Pearson’s correlations were 
performed.  Although the frontal and central region are most important for this study, 
parietal positions are included as well. To explore if the relation between TBR and 
ACS is different when low (13 - 20 Hz) or high beta (21 - 30 Hz) is used in TBR 
instead of the complete beta band, these correlations are also included and can be 
found in Table 3. This is also true for respectively the eyes open (EO), eyes closed 
(EC) and eyes open and closed (EOC) condition.   
Table 3 Pearson correlation coefficients for ACS scores in the entire sample (n = 41) with theta/beta 
ratios frontal, central and parietal and the eyes open (EO), eyes closed (EC) and open/closed (EOC) 
conditions (n = 42). 
 
 
 
                                                                                                                                                                                                                                                                                                                                                                 
 
 
 
 
 
 
 
* = p < .050 
Figure 2 Scatterplot of the correlation between frontal TBR (log-normalized) and ACS score. 
 
 
 EO EC EOC 
Frontal -.35* -.30 -.32* 
High Beta -.32* -.25 -.29 
Low Beta -.33* -.31 -.32* 
Central -.34* -.27 -.11 
High Beta -.32* -.24 -.27 
Low Beta -.32* -.26 -.28 
Parietal -.27 -.17 -.05 
High Beta -.22 -.13 -.15 
Low Beta -.27 -.18 -.20 
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Respectively the eyes open closed (r = –.32, p < .05) and the eyes open 
condition of complete beta band power (r = -.35, p < .05) showed a significant 
correlation with the ACS, while the eyes closed condition was trend-significant (r = -
.30, p =.056).  
Thus, frontal TBR is indeed correlated with ACS, although not all conditions 
showed significant associations. As expected, significant correlations were also 
present in the central region, although these seem limited to the EO condition. To 
eliminate the (possible) effect of trait anxiety on frontal TBR, correlations were also 
computed when controlled for STAI-t. None of the correlations remained significant, 
although there was a trend towards significance for frontal positions with eyes open (r 
= -.29, p = .074), frontal low beta (r =-.29, p = .077), frontal high beta (r = -.29, p = 
.078), as well as for the central positions (r = -.29, p = .079). These relations all 
emerged in the EO condition. 
No clear differences arose comparing the predictive value of respectively high 
and low beta. Computing correlations between low beta band power and ACS led to 
three significant relations, while two significant correlations between ACS and high 
beta band power were found. However, these correlations showed almost no 
difference in size.  
The correlations of the EO, EC and EOC condition pointed out that the EO 
condition would qualify as the best predictor for ACS. TBR in the EO condition 
showed significant correlations of the frontal and central regions with ACS, whereby 
the EOC condition only produced significant results in the frontal region. Keeping 
your eyes closed did not lead to any significant results. However, correlations in the 
EO condition did not lead to larger correlations than these in the EOC condition. 
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3.2 Distribution of beta and theta band power 
 
Repeated measures (rm)ANOVAs were performed for all different beta and theta 
conditions to explore the spatial distribution of both. Two three-level within subject 
factors were created. These factors were frontality, including the levels frontal, central 
and parietal and laterality, which contained the levels 3, z and 4. These levels 
represented the nine different electrode positions in this study. In all instances 
whereby the assumption of sphericity was violated, a Greenhouse-Geisser correction 
was used. Because all significant interactions hereafter represent identical interaction 
effects including identical factors and levels (be it in different conditions), the 
interpretation of these effects will be limited to the first rmANOVA. 
After each significant result, post-hoc paired t-test were performed to test 
laterality and frontality individually. Laterality was only tested for the frontal and 
central positions, comparing the 3-, z- and 4-positions in these regions. T-tests for 
frontality also compared the 3-, z- and 4- positions, but aimed to examine power 
differences on similar positions, but in different brain regions. T-tests and 
corresponding p-values can be found in Table 4 and 5. Hereafter, the 3- and 4 -
positions will be referred to (in the text) as respectively the left and right lateral 
position, whereas the z-position will be named the midline position. 
Table 4 Paired t-tests for beta and theta laterality (n = 42).  
                                                                                          
 
 
 
                                                                      
* = p < .050, ** = p < .005 
 
 
 
Beta t p  Theta t p 
F3 - Fz -1.236 .223  F3 - Fz -17.627 .000** 
Fz - F4 .721 .475  Fz - F4 16.309 .000** 
F4 - F3 -.358 .722  F4 - F3 .182 .856 
C3 - Cz -5.791 .000**  C3 - Cz -20.327 .000** 
Cz - C4 5.095 .001**  Cz - C4 19.391 .000** 
C4 – C3 .252 .802  C4 – C3 .082 .935 
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Table 5 Paired t-tests for beta and theta frontality (n = 42). 
Beta t p  Theta t p 
F3 - C3 1.572 .124  F3 - C3 3.525 .001** 
C3 - P3 -2.827 .007*  C3 - P3 3.052 .004** 
F3 - P3 -.581 .564  F3 - P3 4.415 .000** 
Fz - Cz -2.877 .006*  Fz - Cz -1.066 .292 
Cz - Pz -1.967 .056  Cz - Pz 7.815 .000** 
Fz - Pz -2.947 .005*  Fz - Pz 4.358 .000** 
F4 - C4 1.553 .128  F4 - C4 3.105 .003** 
C4 - P4 -3.987 .000**  C4 - P4 1.061 .295 
F4 - P4 -1.334 .189  F4 - P4 2.631 .012* 
* = p < .050, ** = p < .005 
The rmANOVA of beta band power showed a significant laterality x frontality 
interaction: F(3.372, 138.258) = 13.275, p < .050, ηp2 = .138. This significant 
interaction indicates that the effect of one (e.g. laterality) factor on beta band power 
height is altered through the combination with another factor (e.g. frontality). Stated 
differently, the effect of laterality on the height of beta band power depends on the 
level of frontality and the other way around. This significant interaction calls for 
further exploration with paired t-tests. T-tests for laterality showed no significant 
differences in beta band power in the frontal region. In the central region however, the 
midline position led to significantly higher beta band power than both lateral 
positions.. T- tests for frontality revealed that the strongest beta band power on the left 
lateral positions can be found in the parietal region. No other significant differences 
arose. Both the central and parietal midline positions were associated with higher beta 
band power than the frontal midline position, whereas the difference between the 
central and parietal midline positions was not significant. On the right parietal 
position a significant difference could be found in favor of the parietal region. The 
current results did not confirm the hypothesis that beta band power is strongest near 
the DLPFC, as beta band power was particularly strong in the parietal and central 
areas. 
To test if a laterality x frontality interaction was also present for theta band 
power, the same procedure was performed, resulting in F(2.618, 107.332) = 14.237, p 
<.050, ηp2 = .258, which indicated  a significant interaction effect between laterality 
and frontality.  Paired t-tests to explore laterality were conducted and revealed that 
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theta band power is significantly higher near the frontal midline than near lateral 
positions. The same pattern did also arise in the central region. T-tests for frontality 
resulted in a significant difference in theta band power in favor of the left frontal 
positons, whereas the left central position also significantly surpassed the same 
position in the parietal region. The distribution of the midline positions resembled that 
of the prior one, whereby theta band power was predominantly located in the frontal 
and central area. The results indicate that theta band power was strongest in the frontal 
and central area, especially around the midline positions. The hypothesis that 
strongest theta band power can be found near medial structures, is thereby confirmed. 
 
Figure 2 and 3 Beta and Theta Power distribution. 
 
 
3.3 Distribution of high and low beta band power 
 
To explore the distribution of both high beta and low beta band power, the procedure 
as described before was repeated for these values as well. The rmANOVA  of high 
beta, which includes the factor laterality and frontality, showed: F(4, 164) = 8.677, p 
< .010, ηp2 = .175, which is a significant interaction. Further exploration was 
conducted by performing paired t-tests (t- and p-values can be found in appendix A: 
Table 7 and 8). No significant differences in high beta power were found in the frontal 
region. In the central region, high beta band power was significantly higher near the 
midline, whereas the distribution in the parietal region resembled that of the frontal 
region. T-tests for frontality showed that high beta band power was strongest near the 
left frontal position. The only significant difference on the midline arose between the 
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central and parietal position, in favor of the first. The right lateral positions 
demonstrated that the strongest high beta band power is found in the frontal region, 
while a significant difference between the central and parietal region was absent. 
These results indicated that high beta band power was higher in the frontal lateral 
area, although the even higher beta power near the central midline position calls for 
further investigation. Altogether, high beta band power distribution could support the 
hypothesis that beta band power is higher in the lateral areas of the PFC.  
The following rmANOVA was performed with low beta values, which 
resulted in the following significant interaction between laterality and frontality: 
F(3.040, 124.650) = 4.672, p <.005, ηp2 = .102. To assess where low beta band power 
was highest,  additional t-tests were performed. T-test for laterality in the frontal area 
showed a distribution as seen before: highest beta band power near the midline 
position. The exact same distribution of low beta band power also appeared in the 
central region. Paired t-tests for frontality showed that low beta band power was 
significantly highest near all parietal positions. Additionally, on the midline positions 
lowest beta band power was found in the frontal region. Low beta band power 
demonstrated a distribution completely different from that of high beta. The results 
reflected highest beta power in the parietal and midline areas and therefore could not 
confirm the hypothesis that beta band power is higher in the lateral areas of the frontal 
region. 
 
 
Figure 4 and 5 High and low beta band power distribution. 
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3.4 Distribution of beta and theta band power in eyes open/closed condition 
 
 
 
Table 6 Means and standard deviations of beta and theta in the EO and EC condition (n = 42) 
 
Beta EO EC  Theta EO EC 
 M SD M SD   M SD M SD 
F3 11,35 5,84 13,14 6,40  F3 9,71 4,40 12,20 6,36 
Fz 10,94 4,41 13,71 5,58  Fz 12,79 5,87 16,07 8,20 
F4 11,48 5,82 13,06 6,15  F4 9,43 4,13 12,25 6.00 
C3 10,04 4,34 13,06 5,66  C3 8,35 3,28 11,19 5,31 
Cz 11,19 4,78 15,35 6,51  Cz 12,84 6,12 16,92 8,83 
C4 10,06 4,98 13,27 6,18  C4 8,34 3,94 11,54 6,37 
P3 10,04 4,55 15,12 6,65  P3 7,46 3,29 11,36 6,87 
Pz 11,53 5,80 17,28 7,93  Pz 9,70 5,03 15,20 10,823 
P4 10,30 4,76 16,18 7,58  P4 7,79 4,39 12,43 9,57 
 
The distributions of theta and beta were also examined in respectively the eyes open 
(EO) and eyes closed (EC) condition. Consequently, the same procedure as before 
was performed. The rmANOVA for the EO beta condition led to F(3.390, 138.991) = 
7.536, p < .050, reflecting an interaction effect between laterality and frontality. 
Results of the post-hoc paired t-tests and corresponding p-values can be found in 
appendix A: Table 9 and 10. No significant differences in beta band power were 
demonstrated in the frontal region. In the central region, the position associated with 
highest beta band power was the midline position and no significant differences 
between the lateral regions can be found. Testing frontality of the left lateral positions 
showed that beta power was highest in the frontal region. Differences in beta band 
power on the midline positions were absent. Comparing power on different right 
lateral positions led to a significant higher beta band power in the frontal region. Beta 
power in the eyes open condition was higher in the frontal area, specifically on the 
lateral positions, which supported the hypothesis. However, midline positions of both 
the central and parietal region even demonstrated higher power. 
A significant interaction was also apparent for the EC condition: F(4, 164) = 
5.901, p <.050, ηp2 = .126, thus an interaction effect was established between 
laterality and frontality. This interaction effect was further assessed by paired t-tests 
for both factors. T-test for laterality showed that in both the frontal and central region, 
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highest beta band power could be expected on the midline positions. T-tests for 
frontality showed that beta band power is highest on all parietal positions. More 
differences in beta band power could be discriminated on the midline; the central 
midline position was associated with higher beta band power than the frontal one. The 
opposite, higher beta band power in the frontal region, appears on the right lateral 
positions.  
Theta band power was also explored while distinguishing eyes open and 
closed. A significant interaction effect for the factors laterality and frontality was 
found: F(2.532,103.811) = 17.522, p <.050, ηp2 = .299.  This significant interaction 
reflects that theta band power height is defined by the interaction of laterality and 
frontality. Further exploration by t-tests showed that the midline was associated with 
highest theta band power in both the frontal and central region. T-tests on frontality of 
both the left and right lateral position indicated that highest beta band power was 
found in the following order from high to low; frontal, central and parietal. On the 
midline, highest theta band power appeared both in the central and frontal region. 
These data confirm the hypothesis that theta is predominantly located on the frontal 
midline.  
The rmANOVA for theta band power in the eyes closed condition was 
significant: F(2.567, 105.237) = 13.275, p <.050, ηp2 =.245, which indicated an 
interaction between laterality and frontality. Theta band power in the frontal and 
central region was, in concordance with other theta band distributions, highest on the 
midline positions. Concerning frontality, the left and right lateral positions indicated a 
predominantly frontally high theta band power. The frontal and central regions are 
associated with highest theta band power on the midline. These results showed a 
distribution comparable with other t-tests on theta band power distribution (strongest 
power near the frontal midline in the frontal and central region) and therefore serve as 
confirmatory evidence for this hypothesis.  
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Figure 6 and 7 Beta band power distribution of EC (left) and EO (right). 
 
  
 
Figure 8 and 9 Theta band power distribution of EC (left) and EO (right). 
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4. Discussion 
 
The aim of the present study was to investigate whether frontal TBR is related to 
attentional control (AC). Furthermore, the distribution of respectively theta and beta 
band power was explored, which led to some unexpected outcomes. The high and low 
beta, and eyes open/closed condition were also included in the analyses and let to very 
diverse results as well.  
The primary hypothesis that frontal TBR was negatively correlated with the 
AC, was confirmed. This outcome is in line with earlier studies, reporting negative 
correlations between TBR and self-reported trait attentional control (Putman, Verkuil, 
Arias-Garcia, Pantazi & van Schie, 2014). This result supports the notion that TBR 
reflects disturbed PFC function, as the (dorsolateral) PFC is responsible for the 
allocation and maintenance of attentional resources (Arnsten, 2006; Arnsten & Rubia, 
2012). This deviating PFC function is also seen in ADHD populations, which 
consistently show elevated TBR as well (Arnsten, 2007). Frontal TBR with low beta 
band power was also correlated with ACS. This significant correlation is not 
unexpected given the fact that NFT programs that specifically target lower beta bands 
have been demonstrated to be effective in reducing ADHD symptoms including 
increased AC (Egner & Gruzelier, 2004). In fact, all NFT studies described in this 
paper are evaluating the efficacy of lowering TBR, while solely increasing lower beta 
band power.  
  An unexpected finding was the unique predictive value of theta band power, 
which played an essential role in the significant correlations between frontal TBR and 
the AC. This outcome was especially surprising, because beta band power did not 
contribute to this correlation, but led to a small decrease in correlation size. Although 
no specific predictions were made, it was expected that theta and beta band power 
would contribute equally to a possible correlation. However, this outcome is not 
surprising when taking into consideration the distribution of beta band power. These 
results show that beta band power was highest in the central and parietal region, in 
particular in the medial areas. This outcome is the exact opposite of what was 
expected, namely a higher beta band power in the frontal and lateral areas. The 
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hypothesis that beta reflects a dorsolateral prefrontal inhibition of limbic activity is 
thus not supported by the current results.  
Theta band power however, does fit in the theoretical framework proposed. It 
was expected that theta band power would be stronger near the frontal midline 
reflecting electrical activity of medial structures, including the ACC, which plays an 
important role in top-down attentional control (Price & Drevets, 2012). Theta band 
power was indeed highest on the frontal midline, and was in particular stronger in the 
frontal and central region, thereby affirming the hypothesis. The present data supports 
the theory about (FM) theta power, which is possibly generated by the ACC and 
present in situations of changing demands for cognitive control (Engel & Fries, 2010; 
Wang, Ulbert, Schomer, Marinkovic & Halgren, 2005; Phillips, Vinck, Everling, & 
Womelsdorf, 2014) . 
Although the complete beta band power distribution failed to serve as 
confirmatory evidence for the hypothesis, the separate analyses of high and low beta 
could lead to different outcomes. High and low beta band power distributions could 
be very unequal, which might result in a distorted complete beta band power 
distribution. No specific hypotheses were formed on these distributions, so a stronger 
frontally and laterally oriented high and low beta band power was expected here as 
well. The results of low beta band power show a distribution that resembles that of the 
complete beta band, which might indicate that the (dorsolateral) PFC is not as 
essential for exerting AC as previously assumed. Consequently, the alternative 
explanation that the complete beta band distribution represents a distorted image can 
be rejected. The distribution of high beta band power, on the contrary, led to the first 
results that could serve as supportive evidence for the hypothesis: higher beta power 
in the frontal area, especially on the lateral sides near the DLPFC. Although this 
finding provides some evidence for the hypothesis that beta band power is 
predominantly located in the DLPFC, high beta power near the central and posterior 
midline was still somewhat higher than the frontolateral power.  
Additionally, this study discriminated between the eyes open and eyes closed 
condition in relation to AC.  No specific hypotheses were made, so this topic was 
approached fully explorative. Some studies advise to solely use the eyes closed 
condition (in non-visual studies), which leads to both higher theta and beta band 
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power (e.g. Barry, Clarke, Johnstone, Magee & Rushby, 2007). In this study, theta 
and beta band power were indeed higher in the eyes closed condition, but did not 
establish any significant correlation with the AC. The beta band power distribution in 
the eyes closed condition resembles that of the complete and low beta band, namely 
highest power in the parietal and more medial areas. However not in line with the 
hypothesis, this distribution is not completely atypical. The current results replicated 
the increase in beta band power that is observed when participants close their eyes, 
specifically in the more parietal regions (Barry et al., 2007). Simultaneously, a 
reduction in power appeared, but this effect was limited to the frontal region (Barry et 
al., 2007). The results of this study show a similar pattern, including the reduction in 
frontal beta band power.  
The eyes open condition led to correlations between both frontal and central 
region TBR with AC. Central TBR predicting ACS as well is no unusual finding, 
considering the strong resemblance between the frontal and central regions 
(correlations up to r = .99 between these electrode positions). An increase in frontal 
beta band power when opening the eyes was not present, but there did appear a power 
shift in the frontal region from medial to lateral (Barry et al., 2007). Furthermore, the 
results indicated that the increase in beta band power was less evident in the frontal 
region than in the central and parietal region. Altogether, this beta band power 
distribution generates some evidence for the lateral dominance of frontal beta band 
power.  
Theta band power distributions were very consistent across all conditions, 
including the eyes open and eyes closed conditions. These thus resemble the theta 
band power distribution described before. All in all, theta band power distributions 
provide clear evidence in favor of the hypothesis that theta is stronger near medial 
structures and serves as warning signal for situations of changing cognitive control 
(Wang, Ulbert, Schomer, Marinkovic & Halgren, 2005; Phillips, Vinck, Everling & 
Womelsdorf, 2014).  
There were no significant differences in size and direction of all correlations 
between TBR and AC stated above. However, TBR in the frontal area would qualify 
as most suitable predictor for the AC, because it shows the most correlations. This 
area, including the DLPFC, is also theoretically and empirically linked to AC in the 
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current literature. Correlations of frontal TBR with AC were found in both the eyes 
open and the open/closed condition, but were not apparent in the eyes closed 
condition. Thus, the frontal region appears to be most predictive of AC, while the eyes 
open condition would be the preferable condition. It does not matter if low, high or 
complete beta band power is included in TBR, because all will be evenly predictive of 
AC.  
Unfortunately, the literature does not offer solutions for the diverse and 
contradictory outcomes of beta band power. The current results might indicate that it 
is not essential to target beta in NFT. However, this contradicts the current literature 
as AC can be increased while solely targeting beta band power (Keller, 2001). An 
alternative explanation is the possibility that beta band power acquired through EEG 
measurement reflects a suppression or resistance of voluntary movement. Research 
showed that beta band activity also occurs when movement is suppressed or resisted 
(Zhang, Chen, Bressler & Ding, 2008). Before EEG recording, participants are 
strongly advised to move as less as possible, as this might distort the EEG 
measurements. It might be possible that participants become increasingly focused on 
inhibiting movement, which in turn could lead to increased beta band activity in the 
cortices associated with motor function. Cortices associated with motor function and 
control are mainly located in the areas that correspond with the central and parietal 
electrode positions of this study (Rizzolatti & Luppino, 2001; Fogassi & Luppino, 
2005). Strongest beta band power was found indeed found in the parietal and central 
areas of the cortex and could thus serve as evidence for this alternative explanation. 
However, more research is needed to provide clear evidence. Future EEG studies 
could possibly examine the effects of the directions the experiment leader provides, 
that urge the participant to move as less as possible. Parietal beta band power could be 
explored with and without these directions, which could lead to new insights.   
The literature offers a different view on the predominantly parietal located 
beta band power. It is hypothesized that connectivity between frontal and more 
parietal and posterior areas, where sensory information is thought to be stored, 
mediates working memory function and attentional processes (Mosanezhad & Nazari, 
2013). This is supported by evidence for increased coherence between prefrontal areas 
and parietal areas during working memory tasks (Haarmann & Cameron, 2005).  
Participants were shown short sentences that were either semantically related or 
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unrelated. Semantically related sentences were maintained in working memory for a 
longer time because these nouns were coupled with meaning representations from the 
semantic memory. The retention of these sentences in working memory increased 
coherence between activity of the prefrontal and posterior parietal cortex (Haarmann 
& Cameron, 2005). However, both of the theories above fail to explain why the low 
beta band power distribution is completely different from that of high beta.  
This study has several limitations and therefore it is recommended to interpret 
the present results with caution. First, the sample size of 42 participants is fairly small. 
It is known that EEG measurements tend to be very variable and that extreme values 
are not rare. These values could severely distort the results, especially in small sample 
sizes like in this study. In the future, this study should be replicated in a bigger 
sample. Second, the participants in this study were all female. There are apparent 
EEG-differences between male and female participants both at rest and during 
(cognitive) activity, so the present findings are not generalizable to the whole 
population (Wada, Takizawa, Zheng-Yan & Yamaguchi, 1994; Cabrera, Ramos, 
Guevara, Arce & Gutierrez, 1993). The absence of male participants made it 
impossible to explore the influence of gender on the results, which also negatively 
affects the generasibility of the current findings. This generasibility is further limited 
by the small age range included in this sample, which explains why the possible 
covariation of age was not examined. Participants of this study were university 
students, which resulted in an age gap of maximum five years between the youngest 
and the eldest participant. At last, as mentioned before, there is the problem of the 
spatial smearing. Cortical EEG data are densely correlated, because of the 
transmission of electrical potential to the cortex surface, which thoroughly 
undermines its spatial resolution. It remains questionable if the EEG power 
differences measured on the skull is accurate enough to reflect the origin of the 
electrical activity measured. EEG equipment is also not able to distinguish between 
hippocampal and FM theta, so theta activity in this study may possibly be a mixture of 
both hippocampal and frontal-midline theta power. More research, as well as the 
application of different or newly developed research techniques should lead to more 
definite answers.   
The present outcomes have led to several findings that are incompatible with 
the current literature and could lead to multiple new research directions.  Alternative 
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explanations for the different power distributions of beta bands fall short, because 
these fail to explain all of the contradictory results. More research is needed to 
provide clarity about why high beta and the complete beta band power do predict AC, 
but are predominantly located in the central and parietal region. Additionally, the 
unique functional significance of respectively low and high beta activity should be 
more intensively studied. Because of these puzzling results, the hypothesis that the 
dorsolateral prefrontal inhibition of the limbic activity will lead to an increase of beta 
band activity should be reevaluated and if necessary, adapted. At last, literature 
addressing the influence of the opening of the eyes is not sufficient and inconsistent. 
Interestingly, results indicate that the distribution of beta band power completely 
changes when eyes are opened or closed, while theta band power does not show these 
changes. This is not yet clarified and could serve as a starting point for future 
research.   
All in all, the current study replicates that AC can be predicted by frontal TBR 
and additionally by frontal theta alone as well. Furthermore, theta band power is 
stronger near medial structures like the ACC, which provides clear evidence for the 
occurrence and possible origin of FM theta.  One might conclude that only including 
theta band activity in a possible NFT program would be sufficient for people with 
CPA, but more evidence is needed. The exploration of beta band activity did lead to 
some contradictory findings, which raised more questions than answers. The present 
results, unfortunately, could not confirm the hypothesis that beta band activity reflects 
a prefrontal dorsolateral inhibition of the limbic system. In the end, the present 
findings did lead to some guidelines for the future study of the efficacy of NFT as 
alternative treatment for CPA. Based on the results of this study, it is recommended to 
use all nine electrode positions for beta, while theta electrode positions could be 
limited to only to the positions near the frontal and central midline. It is further 
recommended to keep your eyes open during EEG measurements.  
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Appendix A.  Tables of t-test for laterality and frontality 
   
Table 7 Paired t-tests for high and low beta laterality (n = 42).  
 
Beta High Low 
 t p t p 
F3-Fz 1.676 .101 -4.066 .000** 
Fz-F4 -1.787 .081 3.068 .004** 
F4-F3 .625 .535 -.122 .904 
C3-Cz -3.266 .002** -7.528 .000** 
Cz-C4 3.413 .001** 6.032 .000** 
C4-C3 -.850 .400 1.084 .285 
* = p < .050, ** =  p < .005 
Beta High Low 
 t p t p 
F3 - C3 2.621 .012* .611 .545 
C3 - P3 1.997 .052 -5.855 .000** 
F3 - P3 3.204 .003** -3.248 .002** 
Fz - Cz -1.660 .105 -3.558 .001** 
Cz - Pz 2.474 .018* -4.914 .000** 
Fz - Pz 1.313 .196 -5.341 .000** 
F4 - C4 3.323 .002** -.073 .942 
C4 - P4 1.140 .261 -6.349 .000** 
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Table 8 Paired t-tests for high and low beta 
frontality (n = 42).  
 
 
 
 
 
 
 
 
 
 
* = p < .050, ** =  p < .005 
Table 9 paired t-tests for beta and theta EO and EC laterality (n = 42). 
* = p < .050, ** =  p < .005 
 
 
 
Table10 paired t-tests for beta and theta EO and EC frontality (n = 42). 
F4 - P4 3.239 .002** -4.264 .000** 
Beta EO EC  Theta EO EC 
 t p t p   t p t p 
F3-Fz .536 .595 -3.087 .004**  F3-Fz -16.275 .000** -17.099 .000** 
Fz-F4 -.837 .407 3.214 .003**  Fz-F4 15.252 .000** 15.107 .000** 
F4-F3 .573 .570 -.222 .825  F4-F3 -1.071 .290 .488 .628 
C3-Cz -4.192 .000** -6.722 .000**  C3-Cz -20.327 .000** -19.603 .000** 
Cz-C4 3.804 .000** -6.217 .000**  Cz-C4 21.144 .000** 18.905 .000** 
C4-C3 -.447 .657 .696 .000**  C4-C3 -.957 .344 .300 .766 
Beta EO EC  Theta EO EC 
 t p t p   t p t p 
F3 - C3 3.146 .003** .112 .912  F3 - C3 4.922 .000** 2.721 .010* 
C3 - P3 0.201 .841 -4.861 .000**  C3 - P3 6.483 .000** .950 .348 
F3 - P3 2.328 .025* 2.747 .009*  F3 - P3 8.442 .000** 2.376 .022* 
Fz - Cz -.698 .489 -4.278 .000**  Fz - Cz -.108 .914 -1.633 .110 
Cz - Pz -.215 .831 -3.179 .003**  Cz - Pz 11.633 .000** 4.946 .000** 
Fz - Pz -.517 .608 -4.593 .000**  Fz - Pz 8.588 .000** 2.446 .019* 
F4 - C4 3.275 .002** -.449 .653  F4 - C4 4.257 .000** 2.755 .009* 
C4 - P4 -.956 .344 -6.027 .000**  C4 - P4 3.864 .000** -.589 .559 
F4 - P4 1.867 .069 -3.920 .000**  F4 - P4 5.240 .000** 1.212 .223 
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* = p < .050, ** =  p < .005 
 
 
 
 
